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1
ANALYSIS OF SENSOR DATA

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the priority benefit of Finnish
patent application FI 20136289 filed Dec. 18, 2013 and
entitled ‘Method for detecting objects by object types’;
Finnish patent application FI 20136290 filed Dec. 18, 2013
and entitled ‘Method for detecting objects using updateable
spatial knowledge’; and Finmish application FI 20136291
filed Dec. 18, 2013 and entitled ‘Method for creating obser-
vations about objects’ which are incorporated herein by
reference in their entirety.

TECHNICAL FIELD

The present disclosure relates to collecting data of remote
objects by flying devices and, 1n particular, relates to analy-
s1s of collected data of remote objects by flying devices.

BACKGROUND

With the advancement in technology, there has been
increasing interest in collecting data from flying vehicles.
Examples of flying vehicles include but 1s not limited to
airplane, helicopter, unmanned aernal vehicle, satellite, bal-
loon (hereinafter jointly referred to as UAV). Flying vehicles
ofler significant advantage over ground based sensing of
mobility by providing an ability to be deployed remotely and
to quickly and easily cover large areas. This capability
allows acquiring remote intelligence from a safe standoil
distance and oflers a unique data collection tool. Data can be
obtained for different real life events from these flying
vehicles. For example, data can be collected to monitor
physical properties of a power line network, measure forest
growth, and measure construction of houses, analyze mov-
ing objects, mitialize weapons and the like. Data can be
spatial (geometrical) information of real world objects pres-
ent 1n geographical area and can be collected by arrange-
ment of sensors in flying vehicles. Collected data can
include positioning data, observation data and the like.
Positioning data includes but 1s not limited to WGS-84 (GPS
coordinates) including altitude or relative position and pose
to one or more objects or to one or more other UAV’s. On
the other hand, observation data includes but 1s not limited
to information collected by cameras (2D, 3D, infrared, high
definition, high frequency and the like), and measurements
from temperature sensor, Lidar, audio sensor and X-rays.

A typical system for the above stated requirement
includes a UAV to collect positioning and observation data
and storage medium (SSD, flash memory, CD-ROM, hard
disk and the like) to store the collected data. However, 1n the
traditional system, the data needs to be transmitted physi-
cally for analysis, as no communication device 1s capable of
handling the large amount of data frequently on the order of
tens of terabytes. Moreover, the speed of data collected by
multiple sensor devices 1n flying vehicles 1s not compatible
with the current communication systems. In addition, the
present systems do not allow error correction in the mea-
sured data during the collection of the observations. Further,
the systems do not allow real time analysis of data and thus
only provide static analyses after the fact. This eliminates
the possibility of making quick analysis to enable a reaction
analysis results in real time.

In addition, due to multiple steps required in long pro-
cessing cycle, manual intervention for handling and analysis
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of data 1s required. However, manual intervention may result
in quality risks, long delays 1n processing, and other similar
problems.

SUMMARY

The present disclosure provides a computer-implemented
method for remote sensing. The computer implemented
method includes measuring position and pose of a moving
vehicle and collecting spatial data of a discovered object
with sensors of the moving vehicle. In addition, the com-
puter implement method includes comparing the discovered
object spatial data with spatial data 1n an object model
database stored at the moving vehicle and calculating posi-
tion and pose of the vehicle from the discovered object
spatial data when the discovered object spatial data matches
spatial data of a model object in the object model database.

In an example, the computer-implemented method may
further include recording the discovered object spatial data
in the object model database when the discovered object
spatial data does not match spatial data of a model object 1n
the object model database.

In an example, the computer-implemented method may
turther comprise processing calculated position and pose of
the vehicle with the measured position and pose of the
vehicle to yield an enhanced position and pose.

In an example, the computer-implemented method may
further comprise collecting position and pose data of the
discovered object and comparing the discovered object
position and pose data with position and pose data of a
model object the discovered object matches. The action of
updating the position and pose data 1 the object model
database when the position and pose data of the discovered
object does not match the position and pose data of the
model object may also be included.

In an example, the computer-implemented method may
turther include employing spatial, position and pose data of
a model object 1n the object model database to search for a
real object using the sensors and changing position and pose
of the vehicle and researching for the real object when the
real object 1s not sensed at the position of the model object.

In an example, the computer-implemented method may
further include employing spatial, position and pose data of
a model object 1n the object model database to search for a
real object using the sensors and changing pose or param-
cters of at least one of the sensors and researching for the
real object when the real object 1s not sensed at the position
of the model object.

In an example, the computer-implemented method may
turther include, when the discovered object does not match
a model object in the object model database, changing
position and pose of the vehicle; and repeating the collecting
and comparing actions.

According to another aspect, the present disclosure pro-
vides a computer program product for remote sensing. The
computer program product resides on a non-transitory coms-
puter-readable storage medium and comprising instructions.
These instructions when executed by a processor, cause a
computer to measure position and pose of a moving vehicle
and collect spatial data of a discovered object with sensors
of the moving vehicle. In addition, these instructions causes
the computer to compare the discovered object spatial data
with spatial data 1n an object model database stored at the
moving vehicle and calculate position and pose of the
vehicle from the discovered object spatial data when the
discovered object spatial data matches spatial data of a
model object 1 the object model database.
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In an example, the instructions may further cause the
computer to record the discovered object spatial data in the
object model database when the discovered object spatial
data does not match spatial data of a model object 1n the
object model database.

In an example, the instructions may further cause the
computer to processes calculated position and pose of the
vehicle with the measured position and pose of the vehicle
to yield an enhanced position and pose.

In an example, the instructions may further cause the
computer to collect position and pose data of the discovered
object and compare the discovered object position and pose
data with position and pose data of a model object the
discovered object matches. In accordance with the nstruc-
tions, the computer may also update the position and pose
data 1n the object model database when the position and pose
data of the discovered object does not match the position and
pose data of the model object.

In an example, the instructions may further cause the
computer to employ spatial, position and pose data of a
model object in the object model database to search for a real
object using the sensors and change position and pose of the
vehicle and research for the real object when the real object
1s not sensed at the position of the model object.

In an example, the instructions may further cause the
computer to employ spatial, position and pose data of a
model object 1n the object model database to search for a real
object using the sensors and change pose or parameters of at
least one of the sensors and research for the real object when
the real object 1s not sensed at the position of the model
object.

In an example, when the discovered object does not match
a model object 1in the object model database, the instructions
turther cause the computer to change position and pose of
the vehicle and repeat the collection and comparison actions.

In an example, when the discovered object does not match
a model object 1in the object model database, the instructions
turther cause the computer to change pose or parameters of
at least one of sensors and repeat the collection and com-
parison actions.

According to yet another aspect, the present disclosure
provides a system for remote sensing. The system includes
a vehicle including a plurality of sensors configured to
measure position and pose of the vehicle and to collect
spatial data of a discovered object. In addition, the system
includes a storage including an object model database, a
processor and a memory. The memory includes a compari-
son engine configured to compare the discovered object
spatial data with spatial data 1n the object model database
and a position and pose calculator arranged to calculate
position and pose of the vehicle from the discovered object
spatial data when the discovered object spatial data matches
spatial data of a model object in the object model database.

In an example, the system may further include an updater
configured to record the discovered object spatial data 1n the
object model database when the discovered object spatial
data does not match spatial data of a model object 1n the
object model database.

In an example, the plurality of sensors may additionally
be configured to collect position and pose data of the
discovered object, the comparison engine may additionally
be configured to compare the discovered object position and
pose data with position and pose data of a model object the
discovered object matches and the updater may additionally
be configured to update the position and pose data in the
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object model database when the position and pose data of the
discovered object does not match the position and pose data
of the model object.

In an example, the system may further include a search
module configured to employ spatial, position and pose data
ol a model object 1n the object model database to search for
a real object using the sensors and a navigator arranged to
change position and pose of the vehicle to enable the search
module to research for the real object when the real object
1s not sensed at the position of the model object.

In an example, the system may further include a navigator
configured to change position and pose of the vehicle when
the discovered object does not match a model object 1n the
object model database. Further, the plurality of sensors may
additionally be configured to repeat collection of spatial data
and the comparison engine 1s configured to repeat compari-
son of the discovered object spatial data with spatial data 1n
the object model database after the navigator has changed
the position and the pose of the vehicle when the discovered
object does not match a model object 1n the object model
database.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1A illustrates a system for remote sensing having a
unmanned aerial vehicle (UAV), 1n accordance with various
embodiments of the present disclosure;

FIG. 1B 1illustrates the system for remote sensing having
multiple unmanned aerial vehicles, 1n accordance with vari-
ous embodiments of the present disclosure;

FIG. 2 illustrates various components of the UAV, 1n
accordance with various embodiments of the present disclo-
Sure;

FIG. 3 illustrates interaction between diflerent type of
sensors and different types of software tools 1n an on-board
computing system for processing of position and pose of the
UAYV, m accordance with various embodiments of the pres-
ent disclosure;

FIG. 4 and FIG. § illustrate processing and analysis of
data in accordance with various embodiments of the present
disclosure:

FIG. 6 illustrates a tflowchart for remote sensing of objects
present 1n the geographical area, 1n accordance with various
embodiments of the present disclosure.

DETAILED DESCRIPTION

In view of shortcomings of the prior art, there 1s a need for
a method and a system which provides real time analysis of
data with high speed processing, storage and transmission
capability. Moreover, the method and system should be able
to correct the collected data. In addition, the method and
system should recognize previously detected or undetected
objects based on measurements.

It should be noted that the terms “first”, “second”, and the
like, herein do not denote any order, quantity, or importance,
but rather are used to distinguish one element from another.
Further, the terms “a” and “an” herein do not denote a
limitation of quantity, but rather denote the presence of at
least one of the referenced item.

FIG. 1A illustrates a system 100 for remote sensing, in
accordance with various embodiments of the present disclo-
sure. The system 100 includes an Unmanned Aerial Vehicle

(heremaiter UAV) 102 in a geographical area 106 and
control room 112. The UAV 102 1s a flying vehicle which
tlies over the geographical area 106 and collects measure-
ment data of the geographical area 106. Examples ol mea-
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surement data include but 1s not limited to spatial data such
as orientation, type, and location of an object 108 and/or
object 110 present (1dentified) in the geographical area 110.
Examples of the objects 108 and 110 include but 1s not
limited to rocks, cars, troops, and boats. The UAV 102
includes an on-board computing system 104 to analyze the
data pertaining to the objects 108 and 110 1n the geographi-
cal area 106. For example, the UAV 102 may collect and
analyze data pertaining to the object 108 and may infer that
the object 108 1s a rock. In an embodiment of the present
disclosure, the on board computing system 104 communi-
cates the analysis of the data along with the collected data to
the control room 112 in real time through a communication
medium 116. An example of the communication medium
116 includes but 1s not limited to Internet. A server 114 of the
control room 112 along with other essential equipment
receives and stores the data (along with the analysis) in real
time through the communication medium 116. The control
room 112 monitors and controls the UAV 102 by sending
important mstructions. The onboard computing system 104
takes as input positioning data and observation data. In
addition, the onboard computing system 104 uses pre popu-
lated object database in the UAV 102 to correlate measure-
ments and make analysis of the data. Results of the analysis
are communicated to the control room 112 for possible
commands and actions related to the measurements.

It may be noted that the system 100 of FIG. 1A 1s shown
to include only one UAV 102; however, those skilled in the
art would appreciate that system 100 may have one or more
UAVs (like another UAV 118 having an on-board computing
system 120 1n FIG. 1B) which may {ly over the geographical
area 106. The UAV 102 may share the data with UAV 118
and with the control room 112 to avoid redundancy and
errors 1n measurements. In addition, those skilled in the art
would appreciate that there may be more objects which may
be 1dentified 1n the geographical area 106. The data may be
collected for all these identified objects. In addition, the
system 100 1s shown to have a UAV 102; however, those
skilled 1n the art would appreciate that any of the flying
devices can collect and analyze the data. Examples of these
flying devices mclude but 1s not limited to an airplane, a
helicopter, a satellite and a balloon.

The UAV 102 and UAV 118 1illustrated 1n the FIG. 1A and
FIG. 1B may be applicable in different environments and for
different purposes. For example, the UAV 102 may monitor
physical properties of a power line network, make real
measurements of forest growth, make measurements of
housing (houses, buildings) in order to map *“as bwlt”
situation, analyze moving objects such as cars, troops, boats,
and the like, analyze changes 1n objects (such as change 1n
position, opening doors, altering form of the house, 1nitial-
1zing weapons (tilting missile launch tower), and the like.

FIG. 2 illustrates various components of UAV 102, in
accordance with various embodiments of the present disclo-
sure. The UAV 102 includes a plurality of sensors 202 and
the onboard computing system 104. The on-board comput-
ing system 104 includes a processor 204, a memory 206, and
a database 214. In addition, the memory 206 includes a
comparison engine 208, a position and pose calculator 210,
and an updater 212. The plurality of sensors 202 measure
positions and poses of the UAV 102 in accordance with
certain pre-defined time intervals. In addition, the plurality
of sensors 202 collects spatial data of the object 108 and/or
object 110. The plurality of sensors 202 include but 1s not
limited to electromagnetic spectrum sensors, gamma ray
sensors, biological sensors, and chemical sensors. The elec-
tromagnetic sensors include visual spectrum, infrared, near
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infrared cameras, radar systems, electromagnetic wave
detectors such as microwave and ultraviolet spectrum sen-
sors and the like. In an embodiment of the present disclo-
sure, the plurality of sensors 202 collects position and pose
data of the discovered object (say object 108).

The database 214 has stored information pertaining to the

different objects 1n the geographical area 106. For example,
the database 214 may already have the information about the
object 108 and the object 110 of the geographic area 106. In
addition, the database 214 may have information related to
the models of diflerent objects. For example, the database
214 may have information related to the model/structure of
a boat, rock, car and the like. In an embodiment of the
present disclosure, the database 214 includes a specific
object model database (shown in FIG. 5). The object model
database 1s a data store where the known objects are stored
and may also contain history of the data.
The object model database consists of data of objects 108
and 110 identified by one or more 1dentifier and attributes.
These attributes include but 1s not limited to name, code,
type, color, classification, relation to other objects, and
group. The object model database also includes spatial
knowledge, such as location, form or shape of the objects
108 and 110. The object model database 1s implemented on
board as a software program residing in RAM, a permanent
storage 1n a storage device such as hard disk or SSD or a
combination thereof. Some parts (or all) of the object model
database content may be stored in a remote location (not
on-board UAV) accessible over a wireless connection such
as 3G or satellite data. The accessing of remote data may be
on-demand basis, or based on preloading a subset or whole
object model database content. The object model database
provides caching at memory or disk level. Object model
database changes may be dynamically updated to a remote
location over wireless connection. The data synchronization
and distribution may be time stamp based (latest information
prevails 1n case of conflicts), master-slave configuration
(master data prevails), or owner based (each object or object
type) has an owner (one of UAV, or remote database), which
has the priority on updates. A single data object be may
concurrently stored as multiple copies in an object model
database (e.g. 1n several UAVs, and in two remote location
(for redundancy)).

The object model database may also contain prediction of
the object properties in the future. For example when a
moving car 1s recognized at least two times within a time
interval 1t’s then current velocity may be measured, velocity
and direction may be stored as spatial information to the
spatial knowledge record related to that object, and it’s
future location can be predicted (over a time frame). For a
flying vehicle, the aviation kinematics sets the envelope of
the possible maneuvers of the object in a time frame limiting
the possible future locations of the object. The kinematic
restrictions may include maximum G-force a manned aerial
vehicle can sustain, maximum acceleration the plane can
perform, maximum ascend, minimum flight speed without
stall, and the like.

Further, the prediction may be supplemented with other
known spatial data. For example, when knowing the prior
location, direction and speed of a car, the likely position of
the car may be estimated by route optimization algorithm
along the available roads from the last measured location.
Spatial knowledge 1s updated from remote external data
sources (over wireless link) such as data feed from Second-
ary Surveillance Radar (SSR); or from an on-board trans-
celver/recerver such as on-board SSR and/or ADS-B equip-
ment.
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The comparison engine 208 compares the collected spa-
tial data of objects 108 and 110 with the data in the database
214. In an embodiment of the present disclosure, the com-
parison engine 208 compares the position and pose data of
the discovered object 108 with the position and pose data of
a model object with which the discovered object 108
matches 1n the database 214. In an embodiment of the
present disclosure, the comparison engine 208 compares the
spatial data of discovered object (say object 108) with
spatial data in an object model database by comparing a
point cloud of the discovered object (say object 108) spatial
data with spatial data i1n the object model database of
database 214. In another embodiment of the present disclo-
sure, the comparison engine 208 compares the spatial data of
discovered object (say object 108) with spatial data in an
object model database by using the technologies presently
known 1n the art.

The position and pose calculator 210 measures the posi-
tion and pose data of the UAV 102 when the discovered
object (say the object 108) spatial data matches spatial data
of a model object already stored in the database 214. For
example, the position and pose calculator 210 measures the
position and pose data of the UAV 102 when the spatial data
of the object 108 matches stored spatial data of the model
object. Examples of position data include but 1s not limited
to WGS-84 (GPS coordinates) including altitude or relative
position and pose to one or more objects or to one or more
other UAV’s. Similarly, examples of observation data
includes but 1s not limited to two dimensional data, three
dimensional data, infrared, high definition data and the like.
The updater 212 records and updates the spatial data of the
object 108 1n the database 214 when the spatial data of
discovered object 108 does not match spatial data of a model
object 1n an object model database (not shown 1n FIG. 2) of
the database 214. In an embodiment of the disclosure, the
updater 212 updates position and pose data 1in the object
model database of the database 214 when the position and
pose data of the discovered object 108 does not match the
position and pose data of the model object. In an embodi-
ment of the present disclosure, an alarm 220 transmits an
alert from the UAV 102 when the position and pose data of
the discovered object 108 does not match the position and
pose data of the model object 1n the object model database
of the database 214. The alert 1s transmitted to the control
room 112 and/or to the other UAVS.

In an embodiment of the present disclosure, a search
module 216 in the UAV 102 employs spatial, position and
poses data of a model object 1n the object model database of
the database 214 to search for a real object using the sensors
202. For example, the control room 112 may transmit the
instructions to the UAV 102 to find the object 108 1n the
geographical area 106. The spatial data of the object 108 1s
stored 1n the object model database 1n the database 214.
However, the object 108 may have shifted 1its position from
a previous position to a new position. The data related to the
new position may not be present 1n the database 214. In this
example, the search module 216 employs spatial, position
and pose data of a model object 1n the object model database
of the database 214 to search for the object 108 using the
sensors 202.

In an embodiment of the present disclosure, a navigator
218 changes position and pose of the UAV 102 to enable the
search module 216 to research for the object 108 when the
object 108 1s not sensed at the position of the model object
(the previous position).

In this embodiment of the present disclosure, when the
discovered object 108 does not match a model object 1n the
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object model database of database 214, the sensors 202
repeat collection of spatial data and the comparison engine
208 repeats comparison of the spatial data of object 108 with
spatial data 1n the object model database after the navigator
218 has changed the position and the pose of the UAV 102.
Accordingly, when the spatial data of the object 108 matches
with spatial data of an already stored model object, the
position and pose calculator 210 measures the position and
pose data of the UAV 102.

In another embodiment of the present disclosure, a sensor
control umt 222 changes the pose or parameters of at least
one of the sensors 202 to enable the search module 216 to
research for the real object (the object 108) when the real
object 1s not sensed at the position (the previous position) of
the model object. In this embodiment of the present disclo-
sure, the sensors 202 repeat collection of spatial data and the
comparison engine 208 repeats comparison ol the spatial
data of object 108 with spatial data 1n the object model
database comparison actions after the sensor control unit
222 has changed the pose or parameters of at least one of the
sensors 202 when the discovered object 108 does not match
a model object 1n the object model database of database 214.
Accordingly, when the spatial data of the object 108 matches
with spatial data of an already stored model object, the
position and pose calculator 210 measures the position and
pose data of the UAV 102.

FIG. 3 illustrates interaction between different type of
sensors 202 and different types of software tools 1n the
on-board computing system 104 for processing ol position
and pose of the UAV 102, imn accordance with various
embodiments of the present disclosure. The sensors 202
include a GNSS 302 to collect GNSS positioning data. The
GNSS positioning data include additional attributes such as
speed, heading, direction, number of satellites used, time-
stamp, quality of positioning and the like. In addition, the
sensors 202 include an Inertial Measurement Unit (herein-
aiter IMU) 304 for measuring positioning and pose data and
a LIDAR 306. The GNSS 302 collects the positioning data
including WGS-84 (GPS coordinates), speed, direction,
timestamp, number of satellites used, quality of positioning
and the like. The IMU 304 collects positioning and pose data
including WGS-84 (GPS coordinates), pitch, latitude, lon-
gitude, altitude and the like. The LIDAR 306 collects data
including relative angle of rotating/swinging/moving of one
or more beams from a known base angle and the distances
of objects along the beams and the like. The LIDAR 306
may also be an array based device such as flash LIDAR
providing an array of angle and distance measurements.
LIDAR 306 may provide distance data either as a discretized
echo data or as a full waveform data of the returned tlash or
pulse. The sensor 202 provides data from GNSS 302, IMU
304 and LIDAR 306 to the onboard computing system 104
for analysis. The onboard computing system 104 includes
various software tools 318 to process the data. In an embodi-
ment of the present disclosure, the GNSS 302 provides
positioning data to GNSS post processing software 308 to
enhance the data and sends the enhanced data to the IMU
304. The IMU 304 provides positioning and pose data to
position and pose processing software 310. The position and
pose processing soltware 310 compares the received data
with the data 1n database 214 and provides accurate position
and pose data to a point cloud generating software 312. The
point cloud consists of LIDAR 306 measurement points
associated with a coordinate system. Point cloud generation
may include creating three dimensional models of objects
including but not limited to, for example, ground and surface

models DTM, DEM and DSM. Object detection/recognition
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software 316 detects objects based on the point cloud data.
Accordingly, the processor 204 and memory 206 makes the
analysis and observations of three dimensional data.

In an embodiment of the present disclosure, as shown 1n
FIG. 4, the position data of the UAV 102 1s corrected and
accuracy of the position and the pose of the UAV 102 are
calculated. Now, as shown in FIG. 5, the data from the
sensors 202 1s enhanced 1n real time position and pose
enhancement module 502. As mentioned above, the database
214 of the on-board computing system 104 has an object
model database 508. The object model database 508
includes information on objects known to be associated with
a certain geographical area 106. In an embodiment, the
position and pose enhancement 1s performed by comparing,
the measurements against the previously known object
model. For example, a certain building/bridge 1s i1dentified
from the measurement data, and its known accurate location
1s used to correct the position information. Optionally, this
corrected position mformation may also be fed to the IMU
304 as correction data. In other embodiments of the present
disclosure, the position and pose enhancement 1s performed
by recognizing features (say corners of buildings) with the
object model database 508 with previous sensor data set, and
detecting the change in position and pose. In another
embodiments of the present disclosure, a frame based 1mag-
ing system in conjunction with various methods presently
known 1n the art are used for detecting the relative orienta-
tion of the images. It may be noted that position and pose
enhancement based on frame based imaging system data
may be performed with the present technologies known in
the art.

Once the data 1s enhanced, the software tools 318 recog-
nize the object in real time (shown as real time recognition
module 504). The steps for real time object recognition
module 504 includes recognizing and 1dentifying previously
known objects (based on prior spatial knowledge stored in
object model database 508) and updating the spatial knowl-
edge related to these objects based on measurement data. In
another embodiment of the present disclosure, the real time
object recognition module 504 includes recognizing previ-
ously unknown objects 1n the measurement data, and creat-
ing records for them 1n the spatial data (thereafter optionally
used as prior spatial knowledge and stored in object model
database). In yet another embodiment of the present disclo-
sure, the real time object recognition module 504 includes
recognizing a previously known object (based on prior
spatial knowledge stored 1n object model database). In an
embodiment of the present disclosure, as mentioned above,
the spatial knowledge includes at least one of the following,
object features: a set of coordinates, a shape, a dimension, a
s1ze, a pose, speed, velocity, acceleration, path information,
topology information, a density, a pomnt distribution, a
spectral distribution, a probability distribution, each of
which characterizes a certain object type or an individual
object of the certain object type. In yet another embodiment
of the present disclosure, following the real time object
recognition module 504, real time business logic and per-
formance module 506 considers the data 1n the object model
database 508 and contain several business logic rules. These
business rules may vary in accordance with diflerent sce-
narios. For example, 11 an unknown object appears, an alarm
message 1s sent to the control room 112. If a previously
known object cannot be measured, the UAV 102 autopilot or
navigator changes to fly closer or around the previously
known location of an object. If the instantaneous speed of an
object 1s above or below a certain threshold, the UAV 102
sends the message to another nearby UAV 118. If a hostile

10

15

20

25

30

35

40

45

50

55

60

65

10

GBAD unit 1s 1in a shape or formation implying preparedness
for launching, the UAV 102 sends the alarm message to
other nearby UAV 118. If a tree has fallen onto power line,
a message along with images or video from the location to
the control room 112 1s sent. If a tree 1s leaning towards
power line, the UAV 102 sends a message to the control
center 112 with spatial information related to the tree.
Similarly, the actions may include changing in the autopilot
or navigator programming (such as route, altitude, distance
to object, return to base, emergency landing, planned land-
ing to the nearest safe landing site, and the like).

FIG. 6 1illustrates a flowchart 600 for remote sensing of
object 108 and object 110 present in the geographical area
106, 1n accordance with various embodiments of the present
disclosure. It may be noted that to explain flow chart 600,
references will be made to the system elements of FIGS. 1-5.
The flowchart 600 1nitiates at step 602. At step 604, the
on-board computing system 102 collects position and pose
of the UAV 102. At step 606, as explained above, sensors
202 of the UAV 102 collects the spatial data of a discovered
object 108 or 110. Following step 606, as explained above,
at step 608, comparison engine 208 compares the spatial
data of discovered objects 108 or 110 with spatial data 1n the
database 214. Further, at step 610, 1 the spatial data of the
discovered object 108 or 110 matches the spatial data of
object 1n the database 214, then position and pose calculator
210 calculates the position and pose of the UAV 102.
However, 11 the spatial data of the object 108 or 110 does not
match the object data in the database 214, then updater 212
records the discovered object 108 or 110 data 1n the database
214. Furthermore, measured position and pose data 1s pro-
cessed to enhance the position and pose. Furthermore, the
position and pose of the UAV 102 may change, 1f the real

object (108 or 110) 1s not present at the position of object
(108 or 110) in database 214. The flowchart terminates at

step 612.

In an example, a UAV 102 such as a drone has LIDAR and
GPS. The UAV 102 1s programmed to fly over certain area
such as over a village. The objective of the mission may be
to update an object database related to the village to deter-
mine whether there 1s new construction in the area. In an
embodiment of the present disclosure, the UAV 102 1s given
co-ordinates which define the area such as center coordinate
and radius or, for example, corners of geographical shape of
square. The UAV 102 1s programmed to record and monitor
all non-moving objects in the area. UAV flies over the area
and starts collecting measurement data of the area. The
onboard computing system 104 has as pre-information
object data and co-ordinates of the objects 1n the object
model database. As the UAV 102 collects points, the UAV
102 compares the points to objects of the object model
database to calibrate positioning systems of the UAV 102.

As the UAV 102 flies over the village, at a given point 1n
time, the UAV 102 observes a large difference between
existing data and measured data. The on board computing
system 104 analyzes the data and triggers a change 1n flight
plan and re-measures the area 1n higher accuracy and/or
from varying angles.

As the UAV 102 files over certain objects observation data
might not be of suflicient quality. For example, leaves of
trees might cause disturbances due to wind. The on board
computing system 104 performs one or more re-measure-
ments on areas where quality ol measurements such as
signal to noise ratio from observation sensors 1s too low.

The UAV 102 can be configured to send data related to
found objects, their orientation and type to external systems.
The data can have a format: Object_type, location of point
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in an object, orientation of the object. This way for example
data related to position of trees can be communicated by
sending info “birch top, at 60N23.324 24W34.3425 at
altitude 124 meter, diameter 5 meters, vertical” or “house,
corner 1 at 60N22.324 24W31.3425, corner 2 at 60N22.334

24W31.32235, comer 3 xxxx at and corner 4 at xxxx. Height
of the house 7 meters.”

There can be two or more UAV’s (102 and 118) covering,
same area or in close proximity. Data from the on board
computing system 104 of the first UAV 102 can be shared
with the second UAV 118 and vice versa. Additionally, first

UAV 102 can send request to second UAV 118 to make

additional measurements. As such, possible errors arising
from artifacts 1in observation sensors can be avoided and

greater measurement redundancy may be achieved. Two or

more UAV’s 102 and 118 are flying by within a relatively
short time interval from each other via same or similar route.

Collected observations from the UAV’s 102 and 118 are

compared to recognize possible moving objects in the area.

As described above, the embodiments of the invention
may be embodied 1n the form of computer-implemented
processes and apparatuses for practicing those processes.
Embodiments of the invention may also be embodied 1n the
form of computer program code containing instructions
embodied 1n tangible media, such as tloppy diskettes, CD-
ROMs, hard drives, or any other computer-readable storage
medium, wherein, when the computer program code 1s
loaded into and executed by a computer, the computer
becomes an apparatus for practicing the invention. The
present invention can also be embodied 1 the form of
computer program code, for example, whether stored 1n a
storage medium, loaded 1nto and/or executed by a computer,
or transmitted over some transmission medium, such as over
clectrical wiring or cabling, through fiber optics, or via
clectromagnetic radiation, wherein, when the computer pro-
gram code 1s loaded nto and executed by a computer, the
computer becomes an apparatus for practicing the mnvention.
When implemented on a general-purpose microprocessor,
the computer program code segments configure the micro-
processor to create specific logic circuits. Part of all of the
computer program code segments may also be implemented
using field-programmable gate array (FPGA) where the
computer program code segments are implemented using
hardware description language (HDL) to configure the
FPGA to create specific logic circuits.

It should be noted that the scope of the disclosure 1s not
limited to the examples described above. In fact, the fol-
lowing represent still further examples.

In an example, the computer-implemented method may
include triggering an alert when the position and pose data
of the discovered object does not match the position and
pose data of the model object. The triggered alert may be
transmitted from the vehicle to one or more locations remote
from the vehicle.

In an example computer implemented method, comparing,
the discovered object spatial data with spatial data 1n an
object model database involves comparing a point cloud of
the discovered object spatial data with spatial data 1n the
object model database using an identification confidence
level.

In an example, mstructions of a computer program prod-
uct may cause a computer to trigger an alert when the
position and pose data of a discovered object does not match
the position and pose data of a model object. The triggered
alert may be transmitted to one or more locations remote
from the vehicle in accordance with the instructions.
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In an example, instructions of a computer program prod-
uct causing a computer to compare the discovered object
spatial data with spatial data 1n an object model database
involve causing the computer to compare a point cloud of
the discovered object spatial data with spatial data in the
object model database using an identification confidence
level.

In an example, a system may include an alarm arranged
to transmit an alert from the vehicle when the position and
pose data of the discovered object does not match the
position and pose data of the model object.

An example system may include a search module con-
figured to employ spatial, position and pose data of a model
object in the object model database to search for a real object
using the sensors and a sensor control unit arranged to pose
or parameters of at least one of the sensors to enable the
search module to research for the real object when the real
object 1s not sensed at the position of the model object.

An example system may include a sensor control unit
configured to change pose or parameters of at least one
sensor when a discovered object does not match a model
object 1n an object model database. Additionally, a plurality
ol sensors may be configured to repeat collection of spatial
data and a comparison engine may be configured to repeat
comparison of the discovered object spatial data with spatial
data 1n the object model database after the sensor control
umit has changed pose or parameters of the at least one
sensor when the discovered object does not match a model
object 1n the object model database.

Position and pose can refer to position and pose in fixed
co-ordinate system such as in reference to W(GS-84 and 1n
respect to surface of the earth and direction of heading of the
terminal (for example towards North/South). Alternatively/
additionally position and pose can refer to relative position
and pose to one or more objects or to one or more other
UAV’s.

While the disclosure has been presented with respect to
certain specific embodiments, 1t will be appreciated that
many modifications and changes may be made by those
skilled 1n the art without departing from the spirit and scope
of the disclosure. It 1s intended, therefore, by the appended

claims to cover all such modifications and changes as fall
within the true spirit and scope of the disclosure.

What 1s claimed 1s:

1. A computer program product for remote sensing, the
computer program product residing on a non-transitory
computer-readable storage medium and comprising mstruc-
tions which, when executed by a processor, cause a com-
puter 1o:

measure position and pose of a moving vehicle;

collect spatial data of a discovered object with sensors of

the moving vehicle;
collect position and pose data of the discovered object;
compare the discovered object spatial data with spatial
data 1n an object model database comprising object
models already stored at the moving vehicle;

calculate position and pose of the vehicle from the dis-
covered object spatial data when the discovered object
spatial data matches spatial data of a model object 1n
the object model database;

compare the discovered object position and pose data with

position and pose data of a model object having spatial
data matching the spatial data of the discovered object;
and
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update the position and pose data in the object model
database when the position and pose data of the dis-
covered object does not match the position and pose
data of the model object.

2. The computer program product as set forth in claim 1,
wherein the 1nstructions further cause the computer to record
the discovered object spatial data 1n the object model
database when the discovered object spatial data does not

match spatial data of a model object 1n the object model
database.

3. The computer program product as set forth in claim 1,
wherein the instructions further cause the computer to
processes calculated position and pose of the vehicle with
the measured position and pose of the vehicle to yield an
enhanced position and pose.

4. The computer program product as set forth in claim 1,
wherein the instructions further cause the computer to:

employ spatial, position and pose data of a model object
in the object model database to search for a real object
using the sensors; and

change position and pose of the vehicle and research for
the real object when the real object 1s not sensed at the
position of the model object.

5. The computer program product as set forth in claim 1,

wherein the instructions further cause the computer to:
employ spatial, position and pose data of a model object
in the object model database to search for a real object
using the sensors; and

change pose or parameters of at least one of the sensors
and research for the real object when the real object 1s
not sensed at the position of the model object.

6. The computer program product as set forth 1n claim 1,
wherein when the discovered object does not match a model
object 1n the object model database, the mstructions further
cause the computer to:

change position and pose of the vehicle;

and repeat the collection and comparison actions.

7. The computer program product as set forth in claim 1,
wherein when the discovered object does not match a model
object 1in the object model database, the mnstructions further
cause the computer to:

change pose or parameters of at least one of sensors;

and repeat the collection and comparison actions.

8. A system for remote sensing, comprising:

a vehicle including a plurality of sensors configured to
measure position and pose of the vehicle and to collect
spatial data and position and pose data of a discovered
object;
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a storage including an object model database comprising
object models already stored at the vehicle;

a Processor;

a memory including;:

a comparison engine configured to compare the dis-
covered object spatial data with spatial data 1n the
object model database and to compare the discovered
object position and pose data with position and pose
data of a model object having spatial data matching,
the spatial data of the discovered obiect;

a position and pose calculator arranged to calculate
position and pose of the vehicle from the discovered
object spatial data when the discovered object spatial
data matches spatial data of a model object in the
object model database; and

an updater configured to update the position and pose
data 1n the object model database when the position
and pose data of the discovered object does not
match the position and pose data of the model object.

9. The system as set forth 1n claim 8, wherein the updater
1s further configured to record the discovered object spatial
data 1n the object model database when the discovered
object spatial data does not match spatial data of a model
object 1n the object model database.

10. The system as set forth 1n claim 8, further comprising;:

a search module configured to employ spatial, position

and pose data of a model object 1n the object model
database to search for a real object using the sensors;
and

a navigator arranged to change position and pose of the

vehicle to enable the search module to research for the
real object when the real object 1s not sensed at the
position of the model object.

11. The system as set forth 1n claim 8, further comprising:

a navigator configured to change position and pose of the

vehicle when the discovered object does not match a

model object 1n the object model database; and

wherein the plurality of sensors are further configured to
repeat collection of spatial data and the comparison
engine 1s configured to repeat comparison of the dis-
covered object spatial data with spatial data in the
object model database after the navigator has changed
the position and the pose of the vehicle when the
discovered object does not match a model object 1n the
object model database.
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